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Summary

Introduction. The aim of this study was to evaluate polyaspaea@AA), a new,

promising scaffold. PAA was compared with alginatehich is used in cell
transplantations and may be regarded as a standard.
Materials and Methods. In vitro cell viability on both scaffolds was assessed. E157
mice were injected s. c. alginate or PAA with ottheut 3T3 cells. After two months
specimens from sites of injection were examined blabd samples were taken for
enzymatic activity estimation. Cathepsin D activiand aj-antitrypsin levels were
measured.

Results. In vitro cell viability was lowest on PAA and highest inntml group.
Increase in levels of enzymes measured was obsarvedponse to PAA and alginate and
was lower in case of polymer seeded with cellstdase inu-antitrypsin levels was lower
in case of PAA in comparison to alginate. Scaffolelgradation in histopathological

specimens was visible.



Conclusion The results indicate that PAA implants undergodbgradation and

nonspecific inflammatory response is comparabkddgmate.
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INTRODUCTION

Cell survival rate after transplantation and therefits curative effect strongly
depends on physical properties of the scaffold .uddds material should have the
appropriate durability and resilience, strongly ex@hto the tissue in its deposition site and
do not migrate from it. It should have remodellimgpertiesin vivo. Every transplanted
scaffold induces nonspecific inflammatory respomnglich also has an influence on cell
survival [1]. Polyasparagic acid (PAA) is a newpising scaffold used experimentally in
cell culture and transplantation [2]. The reasanctwoosing PAA for this research was the
fact that there are few reports relating PAA asaifeld [3].

It is possible that this polymer will have some lagggion in future. The aim of this
study was to examine proprieties of PAA vitro andin vivo. It was compared with

alginate, which is traditionally used as a scaffoidtransplanted cells.

MATERIALSAND METHODS

Mouse fibroblasts 3T3 were cultured in 25%anlture flasks (Greiner, Germany),
containing Dulbecco’'s Modified Eagle's Medium (SggnGermany) with 10% foetal
bovine serum, at 37° C, with 5% @@ibroblasts were passaged after covering 70-80% o

culture surface using 0.1% trypsine solution with296 EDTA (Sigma, Germany).
In vitro assay
Cyclic PAA structure was obtained by thermal polyixegion of asparagic acid

under microwavarradiation. Application of microwave irradiatiorad permitted to reduce

polymerization time to several minutes, increasedfficiency and eliminate the catalyst.



Polycondensation of cyclic PAA was performed in penature from 17T to 238C, in
carbonate propylene without catalyst. Phosphorid a@s used as solvent [4]. Culture
flasks were covered with PAA in a following mannér5g PAA was dissolved in 5ml
100% DMSO (the vial was heated and stirred untiAR#as dissolved, then it was left to
cool), each Petri dish was covered with approx. llayar of this solution. The excess was
pipetted off then they were left to dry for a we@Rkb low viscosity alginate was used to
cover culture flasks and was solidified with 102rdCb.

On the scaffold prepared as described above, fir8blasts were seeded with
density 18/25cnf. After 24h cells’ viability was estimated usingpan blue exclusion
test. Culture flasks without polymere served asrobmgroup. Viability was defined as of
viable cells to all cells ratio. The results wenegented as means SD. Differences

between means were compared using t-Student tgstfi&nce was set at P<0.05.

Assessment of implants containing 3T3 cells on alginate and PAA
scaffolds
3T3 fibroblasts and C57B1 mice were used in expamimPAA and alginate

scaffolds were obtained as described above. 32 wace divided into four groups, 8 mice
each. The control group consisted of 6 mice. Th&t fjroup received 1ml PAA s. c.
injection, second 2xf03T3 cells in 1ml PAA s. c. injection, third 1mlgiate s. c.
injection and fourth 2x103T3 cells in 1ml alginate s. c. injection. The tohgroup did
not receive any implant. Injections were performedemoral area, between skin and
muscle, forming a blister of 0.5cm diameter so that neo-tissue would be easy to find.
After 2 months, the animals were sacrificed by,@®erdose. In thén vivo part of the
experiment "Principles of Laboratory animal carefHNpublication No. 80-23, revised

1978, as well as specific national laws were foddw
Staining with hematoxyline and eosin

Histological specimens were made of samples fromgiore where
polymere/polymere with cells had been injected.ylvere stained with hematoxyline and
eosin and examined using light microscope equippiéd digital camera (Nikon Eclipse
microscope and Nikon E5400 camera, Precoptic CassVig Poland).



M easurement of cathepsin D activity and antitrypsin level

In order to measure activity of cathepsin D, 1mblifod was obtained from each
animal. Cathepsin activity in serum was presentedtsa activity compared to oM
trypsin/mg of protein/min. Antitrypsin level wastiesated using Eriksson method [5]. It
was presented as the quantity of trypsine whiclviactwas inhibited by 1 ml of serum.
The results were presented as mean$§D. Differences between means were compared

using t-Student test. Significance was set at P<0.0

RESULTS

In in vitro experiment, 3T3 cells were cultured vitro on PAA and alginate
scaffolds. Cell growth was compared to the onepalypropylene. Fibroblasts viability on
PAA was around 25% lower than on alginate (Fig. 1).

Macroscopically visible structures were observedase of implants consisting of
cells and PAA or alginate. Implants consisting efiand alginate had good mechanical
proprieties. During dissection they adhered to reustheir diameters were around 5mm.
Implants consisting of cells and PAA were macrosmalfy different to the ones with
alginate. These implants had smaller diameterss Esn 2mm. Their mechanical
proprieties were unsatisfactory. They disintegrathtting mechanical manipulation.
Implant integration with muscle was not observed.

Mechanical proprieties of alginate-based implantrewsignificantly worse in
group of mice that received alginate without celleey disintegrated during mechanical
manipulation and no implant integration with musel@s observed. Neo-tissue nor
polymere presence was not observed in animalsrécaived only PAA. In those cases,
samples were taken from regions of injection.

In histopathological examination of specimens gdiwith hematoxyline and eosin
cells growth on scaffold was observed in both gsoop mice that received alginate or

PAA with 3T3. Implants underwent significant rembity and cells growth within them



was clearly visible (Fig. 2, 3). In implants consig only of alginate acellular, vitreous
blue masses were observed. There was no migratibosb cells into the scaffold, there
was no sign of biomaterial degradation nor imptemtodelling in this case.

Increase in both cathepsin D and its inhibitor wiexend as a reaction to PAA as
well as alginate. In case of PAA increasaxrgfintitrypsin level was lower in comparison
to alginate, but the differences were not staafiiicsignificant. The increase of cathepsin
D activity in PAA group was greater in comparisan dlginate in cell treated group
(p=0.01) as well as in acellular scaffolds groupQ93) (Fig. 4, 5).

Cathepsin D activity and level efi-antitrypsine in animals that received alginate
were also higher than control. The differences, éx@w, were not statistically significant.

DISCUSSION

The aim of this research was to evaluate PAA aadddor transplanted cells. 3D
matrixes help cells to grow, proliferate and forisstie-like structures. Materials with
proper biocompatibility are sought after. In thestfipart of the experiment vitro growth
of 3T3 fibroblasts on both scaffolds was asses3&8. fibroblasts are often used as an
experimental model of cells seeded on a scaffqld]6

In in vitro assay cell viability on PAA was lower than on PAReasons of lower
3T3 viability on alginate remain unclear. It may t&used by toxic factors introduced
during scaffold preparation. It is possible thatdifioation of PAA to make it water
soluble would improve its proprieties. It is worttentioning that 75% cell viability rate is
acceptable and should not impair implant cell stavin host organism.

Reaction to the material is important as well. Sddfparticles should not migrate
to other parts of body while host cells should Hewsed to migrate into the scaffold.
Alginate is a biodegradable polymere used in treEaméations of numerous cells:
chondrocytes, myocytes, pancreatic islets etcait ke regarded as a standard in research
on new biomaterials [8-12]. In this research, nib mégration into alginate scaffolds was
observed — no cells were found in hematoxylin anglrestained samples. Absence of cell
migration into alginate scaffold, which is consel@to be a very good biomaterial, has not

been described previously.



Mechanical proprieties of PAA were worse than atgn It appears that
modification of the polymere structure by cross«iing would be required as well. It would
make PAA more stable scaffold for growing cellguture.

Cathepsin D, a protease located in lysosomes, tpéagsin extracellular matrix
degradationo;-antitrypsin is an inhibitor of many proteases,|uding cathepsin D. They
both may be used as markers of immunological respondegenerative and inflammatory
diseases as well as of neoplasms progression. Wgth@athepsin D is not a specific
marker of scaffold degradationvivo, it may be, together witty-antitrypsin level, used to
assess systemic response to the implanted majf&8dl5]. The observed increase of
enzyme activity and its inhibitor level may be #hadence of scaffold remodeling process
[16]. Every implanted scaffold induces nonspecifitammatory response. As a part of
this reaction, proteases (cathepsin D among theameteased from macrophages.

Increase of its activity indicates increased cotimectissue remodeling, for
example its increase may be a marker of tissudratfon [14, 18]. Protease inhibitors
protect the constituent parts of the connectiveugsmatrix. Every transplanted scaffold
induces nonspecific inflammatory response. As & gfathis reaction, proteases (cathepsin
D among them) are released from macrophages. Itytesfsthis inflammatory response
affects cell survival rate [3, 20]. Because of tHanctions, cathepsin D and-antitrypsin
are useful markers of scaffold remodeling intensity

Statistically significant increase in cathepsin &@iaty was observed in animals
that received PAA or PAA with cells in comparisam ¢ontrol group. In animals that
received alginate or alginate with cells this effe@s less apparent. Increase in cathepsin
D activity may be the evidence of intense PAA smdffremodeling, which may be a
positive effect as the physiological function ofpileints is connected with their proper
remodelingn vivo [7].

Increase ofy-antitrypsin levels in groups that received PAA lamis was lower in
comparison to alginate. Becauseantitrypsin is an inhibitor of many proteasesstinay
suggest that alginate scaffold induced greatereas®w of serum enzymatic activity.
Differences in enzyme activity between PAA and radgge groups were not statistically
significant, significance was obtained only in camgon to control group. The lack of
statistically significant differences in enzymatesponse between PAA and a standard



scaffold — alginate may suggest that PAA is a psimgi candidate for a scaffold material.
Immunological response to implanted materials stdjuires further examination.
az-antitrypsin levels in group that received alginaglants without cells were higher in
comparison to alginate with 3T3 fibroblasts. Thastfmay have several implications: first
of all, it suggests that cells have a modulatirfuence on scaffold remodeling, secondly,
that implant cells regulate the intensity of enztimeesponse, finally, that allogenic cells
suspended in scaffold does not induce an intenseuimological response [8, 17, 19].
These presumptions, however, require further \oatiin.

There are few reports relating PAA as a biomaterial tissue engineering or
regenerative medicine [3]. The aim of this expent&as to compare proprieties of PAA
with alginate. The results suggest that PAA is@rpsing biomaterial for scaffolds used in
cell culture and transplantation. This polymer iieggi modifications in order to improve

its mechanical proprieties and its water soluhility

CONCLUSION

1. Enzymatic response was lower after injectiorbioimaterial with cells, in this
case neo-tissue was formed in implantation sitellsCead an influence on proper
biomaterial degradatioim vivo.

2. PAA scaffold may induce less intensive inflamomatresponse than alginate.

PAA still requires certain modifications.
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